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CHARACTERIZATION OF SOIL ORGANIC MATTER FROM AMAZON REGION USING A SPECTROS-
COPY LASER INDUCED FLUORESCENCE AND LASER-INDUCED BREAKDOWN SPECTROSCOPY 
Abstract: 7KHVRLORUJDQLFPDWWHU 620SOD\VDQ LPSRUWDQW UROH LQHQYLURQPHQWDOVXVWDLQDELOLW\$FWVPDLQO\
LQWKHFDUERQF\FOHLQVRLOWKDWKDVDWWUDFWHGFRQVLGHUDEOHLQWHUHVWGXHWRWKHDVSHFWRIODQGXVHLQWKHUHOHDVHRI
FDUERQGLR[LGH&2LQWRWKHDWPRVSKHUHWKURXJKKXPDQDFWLYLW\IRUH[DPSOHDJULFXOWXUDOH[SDQVLRQLQDUHDVXQGHUQDWXUDOYHJHWDWLRQ7KHGHWHUPLQDWLRQRIWKHRSWLFDOSURSHUWLHVRIWKHRUJDQLFPDWWHULVDQLPSRUWDQWWRROIRU
WKHXQGHUVWDQGLQJRILWVVWUXFWXUH,QWKLVFRQWH[WWKLVVWXG\DLPHGWRFKDUDFWHUL]HWKH620RIWKH$PD]RQUHJLRQ
HPSOR\LQJ6SHFWURVFRS\/DVHU,QGXFHG)OXRUHVFHQFH/,)6DQG/DVHULQGXFHG%UHDNGRZQ6SHFWURVFRS\/,%6
7KHUHVXOWVVKRZHGWKDWWKHXVHRIWKH/,%6WHFKQLTXHIRUWKHGHWHUPLQDWLRQRIWKHFDUERQZDVHIIHFWLYHZKHQ
FRPSDUHGWRFRQYHQWLRQDOHOHPHQWDODQDO\VLVWHFKQLTXH:KHUHDVUHVXOWVRIWKH/,)6VKRZHGWKDWKXPL¿FDWLRQ
LQGH[+/,)6ZDVKLJKHUIRU7UDQVLWLRQKRUL]RQVDOORZLQJLQIHUULQJWKDWWKHFDUERQSUHVHQWLQWKHVHUHJLRQVKDYHPRUHFRPSOH[VWUXFWXUHVWKXVUHVXOWLQJLQDKLJKHUDURPDWLFLW\DQGKXPL¿FDWLRQLQWKHVHVDPSOHV
Keywords: VRLORUJDQLFPDWWHUKXPL¿FDWLRQFDUERQ
1. Introdução
$)ORUHVWD$PD]{QLFDIRUQHFHLPSRUWDQWHVVHUYLoRVDPELHQWDLVSDUDDKXPDQLGDGHWDLVFRPRDOWDELR-
GLYHUVLGDGHUHJXODomRGRFOLPDDWXDQRVHTXHVWURGHFDUERQRHQDUHJXODomRGRVUHFXUVRVKtGULFRVHQRVFLFORV
GHQXWULHQWHV&RHHWDO0XGDQoDVLQGX]LGDVSHORXVRHRFXSDomRGRVRORDIHWDGLUHWDPHQWHDLQWHJULGDGH
ItVLFDGRVVRORVGDUHJLmRGD$PD]{QLDHPTXHRGHVPDWDPHQWRLQÀXHQFLDVLJQL¿FDWLYDPHQWHRFOLPDUHJLRQDO
SURYRFDQGRPXGDQoDVLPSRUWDQWHVQREDODQoRKtGULFRQDHYDSRWUDQVSLUDomRGHSODQWDVOHYDQGRDSHUGDVQRED-
ODQoRGHFDUERQRHSUHFLSLWDomRDWPRVIpULFDSDUDDUHJLmRDIHWDGD&RHHWDO1HLOOHWDO)DWRUHVHVWHV
TXHRFDVLRQDUDPPXGDQoDVItVLFDVHTXtPLFDVQDHVWUXWXUDHFRPSRVLomRGDYHJHWDomRSULQFLSDOPHQWHGRVROR1R
VRORDPDWpULDRUJkQLFDpXPLPSRUWDQWHFRQVWLWXLQWHVHQGRTXHDVXDSULQFLSDOYLDGHIRUPDomRRFRUUHSRUPHLR
GDGHFRPSRVLomRHWUDQVIRUPDomRGHELRPROpFXODVDOyFWRQHHDXWyFWRQHGHUHVtGXRVYHJHWDLVHDQLPDLVSUHVHQWHV
QRDPELHQWH5RFKDHWDO5RGUtJXH]1~xH]
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'HVWDPDQHLUDDGHWHUPLQDomRGDVSURSULHGDGHVySWLFDVGDPDWpULDRUJkQLFDpXPDLPSRUWDQWHIHUUDPHQWD
SDUDDFRPSUHHQVmRHVWUXWXUDOGDVIUDo}HVK~PLFDV$WpFQLFDGHHVSHFWURVFRSLDGHÀXRUHVFrQFLDLQGX]LGDSRUODVHU
DSOLFDGDDRVVRORVpXPDWpFQLFDUHFHQWHHGHPRQVWURXVHUH¿FD]QDDQiOLVHGD026SURSRUFLRQDQGRUHVXOWDGRV
UiSLGRVOLPSRVHHPFRQGLo}HVQDWXUDLV0LORULHWDO$RHPSUHJDUR/,)6pSRVVtYHOGHWHUPLQDURWHRU
GHK~PXVTXHHVWiUHODFLRQDGDFRPDFRQFHQWUDomRGHHVWUXWXUDVUtJLGDVGHFDUERQRGHJUXSRVTXLQRQDHDQpLV
DURPiWLFRVSUHVHQWHVQDDPRVWUD2XWUDWpFQLFDLPSRUWDQWHSDUDDQiOLVHVDPELHQWDLVpDHVSHFWURVFRSLDGHHPLVVmR
ySWLFDFRPSODVPDLQGX]LGRSRUODVHUeXPDWpFQLFDHVSHFWURDQDOtWLFDTXHDQDOLVDDHPLVVmRHVSHFWUDOGHSODVPD
SRUPHLRGHDQiOLVHTXLPLRPpWULFDGRVGDGRVD¿PGHFRPSUHHQGHUDItVLFDHDTXtPLFDGRSURFHVVRGHDEODomRGR
SODVPDFRPRLQWXLWRGHLGHQWL¿FDUHTXDQWL¿FDURViWRPRVHtRQVSUHVHQWHVQDDPRVWUD7UDWDVHGHXPDWpFQLFD
HPTXHDPDLRULDGDVDPRVWUDVQmRSUHFLVDGHXPSUpWUDWDPHQWRDQWHVGDDQiOLVHRXVHMDQR/,%6UHTXHUSRXFD
RXQHQKXPDSUHSDUDomRGDDPRVWUDIRUQHFHQGRUHVXOWDGRVHPWHPSRUHDOHVHQGRQHFHVViULDSHTXHQDTXDQWLGDGH
GDDPRVWUDSDUDVHUDQDOLVDGD+DUPRQHWDO)UHQWHDHVVHFRQWH[WRRREMHWLYRGHVVHWUDEDOKRIRLDQDOLVDUDV
FDUDFWHUtVWLFDVGDPDWpULDRUJkQLFDGHVRORVDPD]{QLFRVHPSUHJDQGRD(VSHFWURVFRSLDGH)OXRUHVFrQFLD,QGX]LGD
SRU/DVHUHD(VSHFWURVFRSLDGH(PLVVmRÏSWLFDFRP3ODVPD,QGX]LGRSRU/DVHU
2. Materiais e Métodos
2.1. Área de Estudo
2VRORHPHVWXGRHVWiORFDOL]DGRQDUHJLmRGH%DUFHORVSUy[LPRDRULR'HPHQL$PD]RQDVFRPDSUH-
GRPLQkQFLDGHVRORVGHQRPLQDGRV(VSRGRVVRORV$PDWpULDRUJkQLFDSURGX]LGDQDVFDPDGDVVXSHU¿FLDLVGHVVH
WLSRGHVRORp WUDQVIHULGDHPSURIXQGLGDGHDWUDYpVGRVKRUL]RQWHVDUHQRVRVRFRUUHQGRXPDFXPXORQRVSHU¿V
GH7UDQVLomRKRUL]RQWHV%KHVSyGLFRVRVTXDLVSRGHPYDULDUGHDPHWURV$GLVWULEXLomRYHJHWDOGDiUHDGH
HVWXGRFRQVLVWHGHGRLVELRPDVXPD)ORUHVWD2PEUy¿OD'HQVDHXP&DPSRDEHUWR
2.1.1. Amostragem e preparação das amostras de solos
$VDPRVWUDVIRUDPFROHWDGDVGRVKRUL]RQWHVGHVRORVGRWLSRHVSRGRVVRORVQDUHJLmRGH%DUFHORV$PD-
]RQDV2VSURFHGLPHQWRVGHDPRVWUDJHPSUHVHUYDomRHSUHSDUDomRGDVDPRVWUDVVHJXLUDPPpWRGRVR¿FLDLV$V
DPRVWUDVGHVRORVIRUDPKRPRJHQHL]DGDVHSDVVDGDVHPXPDSHQHLUDGHPPPHVKDQWHVGDUHDOL]DomR
GDVDQiOLVHV)RUDPSUHSDUDGDVHPSDVWLOKDVGHFPGHGLkPHWURHPPGHHVSHVVXUDFRQWHQGRJGHDPRVWUD
GHVRORVHFRSDUDDVDQiOLVHVQR/,)6HQR/,%6
2.2. Caracterização dos Solos
2.2.1. Análise elementar
$GHWHUPLQDomRGHFDUERQRGRVRORIRUDPUHDOL]DGDVHPGXSOLFDWDXWLOL]DQGRVHPJGHDPRVWUDVGH
VRORLQWHLUR2HTXLSDPHQWRHPSUHJDGRIRLXPDQDOLVDGRUHOHPHQWDUGDPDUFD3HUNLQ(OPHUPRGHORSHUWHQ-
FHQWHj(PEUDSD,QVWUXPHQWDomR
2.2.2. Espectroscopia de Fluorescência Induzida a Laser 
$FDUDFWHUL]DomRSRU)OXRUHVFrQFLDLQGX]LGDDODVHUIRLUHDOL]DGDHPSUHJDQGRXP6LVWHPDGHVHQYROYLGR
SHOD(0%5$3$FRPH[FLWDomRGHÀXRUHVFrQFLDSRUXPODVHUGHDUJ{QLRHPQPFRPP:SRWrQFLD
UHVROXomRGHQPHFRPIDL[DGHDTXLVLomRGHDQP
2.2.3. Espectroscopia de Emissão Óptica com Plasma Induzido por Laser 
3DUD DQiOLVH GD(VSHFWURVFRSLD GH HPLVVmR ySWLFD FRPSODVPD LQGX]LGR SRU ODVHU IRL HPSUHJDGR XP
VLVWHPDFRPHUFLDOGHEDQFDGDGD2FHDQ2SWLFVPRGHOR/,%6SOXVFRQWHQGRXPDIRQWHDODVHUGH1G<$*
HPLVVmRHPQPHXPFRQMXQWRGHVHWHHVSHFWU{PHWURTXHSRUPHLRGH¿EUDVySWLFDVFDSWDPRHVSHFWURGH
DQPFRPXPDUHVROXomRySWLFDGHQP3DUDDTXLVLomRGHFDGDHVSHFWURIRUDPGDGRVWLURVHPFDGD
IDFHGDVSDVWLOKDVFRQWHQGRDVDPRVWUDVGHVROR
3. Resultados e Discussão
3.1. Estudos da Fluorescência Induzida a Laser (LIFS)
$(VSHFWURVFRSLDGH/,)6IRLDSOLFDGRDVDPRVWUDVGHVRORVGDUHJLmRGH%DUFHORVSDUDDYDOLDURtQGLFHGH
KXPL¿FDomRGD026SRUPHLRGDGHWHUPLQDomRGRtQGLFHGHKXPL¿FDomR+/,)6TXHpREWLGRDWUDYpVGRFiOFXOR
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GDUD]mRHQWUHRYDORUGDiUHDVRERHVSHFWURGHHPLVVmRGHÀXRUHVFrQFLDFRPDH[FLWDomRHPQP$&)HR
YDORUGHFDUERQR&SUHVHQWHQDDPRVWUDGHVRORFRQIRUPHDPHWRGRORJLDSURSRVWDSRU0LORULHWDO2
tQGLFHGHKXPL¿FDomR+),/REWLGRSRUPHLRGDWpFQLFDGH)OXRUHVFrQFLD,QGX]LGDD/DVHUSDUDDVDPRVWUDVGHVRORVLQWHLURVHVWmRUHSUHVHQWDGRVQD)LJXUD
1D)LJXUDDSRGHVHYHUL¿FDUTXHRtQGLFHGHKXPL¿FDomRDXPHQWDFRPRGHFRUUHUGDSURIXQGLGDGH
SULQFLSDOPHQWHQRVSHU¿VGHWUDQVLomRRPHVPRFRPSRUWDPHQWRSRGHVHUREVHUYDGRQD)LJXUDE(VVH aumento 
REVHUYDGRGRtQGLFHGHKXPL¿FDomRFRPDSURIXQGLGDGHSRGHVHUDWULEXtGRDGRLVIDWRUHVSULPHLURDFRQWULEXLomR
GHPDWpULDRUJkQLFDIUHVFDjVXSHUItFLHGRVRORFDXVDQGRXPHIHLWRGHGLOXLomRGDPDWpULDRUJkQLFDPDLVUHVLVWHQ-
WHRXVHJXQGRHVWDUUHODFLRQDGRVFRPDSHUFRODomRQDWXUDOGDVVXEVWkQFLDVK~PLFDVVRO~YHLVID]HQGRFRPTXH
KiDFXPXODomRGHPDWHULDOPDLVKXPL¿FDGRQRGHFRUUHUGDSURIXQGLGDGHHDFXPXODQGRQRVSHU¿VGHWUDQVLomR
FRQIRUPHYHUL¿FDGRQD)LJXUD
                                                          
)LJXUD9DORUHVGH+),/H&REWLGRSDUDDVDPRVWUDVGHGLIHUHQWHVSHU¿VGHD)ORUHVWDHE&DPSR
3.2. Estudo da Espectrometria de Emissão Óptica com Plasma Induzido por Laser (LIBS)
$)LJXUDDDSUHVHQWDRHVSHFWURGRSLFRGRFDUERQRHPQPREWLGRSDUDDDPRVWUDGH)ORUHVWD
SHU¿OGHDFP$)LJXUDELOXVWUDRHVSHFWURGRSLFRGRFDUERQRSDUDDDPRVWUDGH&DPSRSHU¿OGHD
FP9DOHUHVVDOWDUTXHIRLHVFROKLGRHVVHSLFRGRFDUERQRSDUDDDQiOLVHXPDYH]TXHQmRIRLSRVVtYHOYHUL¿FDU
DLQWHUIHUrQFLDGRVSLFRVGHHPLVVmRL{QLFDGR$O,,QPHDW{PLFD$O,QP1RHQWDQWRFDVRDV
DPRVWUDVDSUHVHQWDVVHD LQWHUIHUrQFLDGHVVHVSLFRVGRDOXPtQLRD(PEUDSDGHVHQYROYHXXPPpWRGRGHDQiOLVH
FDSD]GHHOLPLQDUHVVHWLSRGHLQWHUIHUrQFLD1LFRORGHOOLHWDO
                                                                      
)LJXUD(VSHFWURDSUHVHQWDQGRRSLFRGRFDUERQRHPQPSDUDDVDPRVWUDVD)ORUHVWDDFP
HE&DPSRDFP
$RUHDOL]DURWUDWDPHQWRHVWDWtVWLFRQDVDPRVWUDVSRGHVHREVHUYDUTXHKRXYHXPDERDFRUUHODomR5 
H5 SDUD)ORUHVWDH&DPSRUHVSHFWLYDPHQWHFRPRVUHVXOWDGRVREWLGRVSHOR/,%6FRPRVGDGRVREWL-
GRVSHOD$QiOLVHHOHPHQWDUFRQIRUPHDSUHVHQWDGRQD)LJXUD
2VUHVXOWDGRVSDUDHVVDWpFQLFDVmRSUHOLPLQDUHVQRHQWDQWRDSULQFtSLRD(VSHFWURPHWULDGH(PLVVmR
ÏWLFDFRP3ODVPD,QGX]LGRSRU/DVHUHVWiVHPRVWUDQGRVHUXPDWpFQLFDVHPLTXDQWLWDWLYDFDSD]GHDYDOLDUDTXDQ-
WLGDGHGHFDUERQRSUHVHQWHQDVDPRVWUDVGHVRORV3ULQFLSDOPHQWHSDUDHVVHWLSRGHVRORHPTXHQmRIRLSRVVtYHO
YHUL¿FDUDLQWHUIHUrQFLDGRtRQDOXPtQLRQRSLFRGR&DUERQRQPGHPRQVWUDQGRDVVLPVHUXPDLPSRUWDQWH
WpFQLFDSDUDDSOLFDo}HVDPELHQWDLVYLVWRTXHWUDWDVHGHXPDWpFQLFDUiSLGDHTXHQmRKiQHFHVVLGDGHGHXPSUH-
SDURGDVDPRVWUDVSDUDDVXDGHWHUPLQDomR
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